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13GUXJGHOLYHU\V\VWHPVPD\SRWHQWLDOO\HQKDQFHWKHHIILFDF\RIWKHUDSHXWLF
DJHQWV ,WLVGLIILFXOWWRFKDUDFWHULVHPDQ\LPSRUWDQWSURSHUWLHVRI13V LQYLYRDQGWKHUHIRUH
DWWHPSWVKDYHEHHQPDGHWRXVHUHDOLVWLFLQYLWURPXOWLFHOOXODUVSKHURLGVLQVWHDG,QWKLVSDSHU
ZH KDYH HYDOXDWHG SRO\JO\FHURO-DGLSDWH 3*$ 13V DV D SRWHQWLDO GUXJ FDUULHU IRU ORFDO
EUDLQ FDQFHU WKHUDS\ 9DULRXV -GLPHQVLRQDO -' FHOO FXOWXUH PRGHOV KDYH EHHQ XVHG WR
LQYHVWLJDWHWKHGHOLYHU\SURSHUWLHVRI3*$13V7XPRXUFHOOVLQ-'FXOWXUHVKRZHGDPXFK
KLJKHUOHYHORIHQGRF\WLFXSWDNHRI13VWKDQDPL[HGQRUPDOQHRQDWDOEUDLQFHOOSRSXODWLRQ
'LIIHUHQFHVLQHQGRF\WLFXSWDNHRI13VLQ-'DQG-'PRGHOVVWURQJO\VXJJHVWWKDWLWLVYHU\
LPSRUWDQW WR XVH LQ YLWUR -' FHOO FXOWXUH PRGHOV IRU HYDOXDWLQJ WKLV SDUDPHWHU 7XPRXU
SHQHWUDWLRQRI13VLVDQRWKHULPSRUWDQWSDUDPHWHUZKLFKFRXOGEHVWXGLHGLQ-'FHOOPRGHOV
7KH SHQHWUDWLRQ RI 3*$ 13V WKURXJK -' FHOO FXOWXUH YDULHG EHWZHHQ PRGHOV ZKLFK ZLOO
WKHUHIRUHUHTXLUHIXUWKHUVWXG\WRGHYHORSXVHIXODQGUHDOLVWLFLQYLWURPRGHOV)XUWKHUXVHRI
-' FHOO FXOWXUH PRGHOV ZLOO EH RI EHQHILW LQ WKH IXWXUH GHYHORSPHQW RI QHZ GUXJ GHOLYHU\
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WXPRXU DQG QRUPDO FHOOV +RZHYHU H[LVWLQJ FHOO FXOWXUH PHWKRGRORJLHV DUH QRW VXIILFLHQWO\
FRPSOH[ WR PRGHO WKHVH GLIIHUHQFHV 7UDGLWLRQDO FHOO FXOWXUH XVLQJ -' PRQROD\HU PHWKRGV
KDV QRW HYHQ EHHQ SDUWLFXODUO\ XVHIXO LQ DVVHVVLQJ WKH HIILFDF\ RI WUDGLWLRQDO WKHUDSHXWLF
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OLPLWDWLRQV RI -' FHOO FXOWXUH V\VWHPV ,Q WKLV SDSHU ZH ZLOO WKHUHIRUH H[SORUH DOWHUQDWLYH
PRGHOV -' PRGHOV IRU WKHLU SRWHQWLDO LQ DVVHVVLQJ VRPH ELRORJLFDO DVSHFWV RI 13 GUXJ
GHOLYHU\V\VWHPVEHLQJGHVLJQHGIRUEUDLQWXPRXUWKHUDSLHV 
&HOOFXOWXUHFRQGLWLRQLVDNH\IDFWRUDIIHFWLQJQHXURQDOJURZWKDQGGLIIHUHQWLDWLRQDQGWKXV
DIIHFWV WKH FHOOXODU UHVSRQVH WR WKHUDSHXWLF GUXJV ,Q YLYR QHXURQV GHYHORS H[WHQVLYH
EUDQFKHVGHQGULWHVDQGQHUYHILEUHVRUD[RQV7KHOHQJWKRIWKHD[RQYDULHVIURPDIHZWHQV
RIPLFURPHWHUVWRVHYHUDOPHWHUVDQGQHXURQVUHDFKKLJKGHQVLWLHVIRUH[DPSOHLQKXPDQ
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FHOO ZKRVH QRUPDO IXQFWLRQ LV KLJKO\ GHSHQGHQW RQ WKHLU LQWHUDFWLRQ ZLWK RWKHU FHOOV
HVSHFLDOO\JOLDOFHOOV*OLDOFHOOVFDQLQIOXHQFHSUROLIHUDWLRQDQGGLIIHUHQWLDWLRQRIQHXURQV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&RQYHQWLRQDOLQYLWUR-'
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DELOLW\WRYLHZFHOOXODULQWHUDFWLRQVPRUHHDVLO\&RQYHQWLRQDOFXOWXUHVDOVRWHQGWRXVHVLQJOH
FHOOW\SHV+RZHYHUWKLVPD\QRWSURGXFHDQDFWLYHHQYLURQPHQWZKHUHEHKDYLRXURIQHXURQV
LVWUXO\UHSUHVHQWDWLYH&HOOVLQYLYRJURZLQD-'WLVVXHHQYLURQPHQWLQZKLFKFHOO-FHOODQG
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GUXJDFFHVVWRWDUJHWFHOOV-RIGLIIHUHQWW\SHVDQGWKLVQHHGVWREHDFFXUDWHO\UHSOLFDWHG
LQ RXU LQ YLWUR PRGHOV 7KXV -' FHOO FXOWXUH PHWKRGV RIIHU GLVWLQFW DGYDQWDJHV RYHU
FRQYHQWLRQDO -' FHOO FXOWXUH PRGHOV 7KH LQFUHDVLQJ XVH DQG DYDLODELOLW\ RI FRQIRFDO
PLFURVFRS\ IDFLOLWDWHV WKHXVHRI-'FXOWXUHVEHFDXVHRI WKHSRVVLELOLWLHV IRUYLHZLQJ WKHVH
PRUHFRPSOH[PRGHOVDQGIRU-'UHFRQVWUXFWLRQV 
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PDGH E\ FDQFHU UHVHDUFKHUV 7KH\ IRXQG IXQGDPHQWDO GLIIHUHQFHV UHODWHG WR LQWHJULQ
VLJQDOOLQJ  FHOO SRODULW\  JHQH H[SUHVVLRQ  DQG DSRSWRVLV ZKLFK OHDG WR
GLIIHUHQW UHVSRQVHV RI FDQFHU FHOOV WRZDUGV WKHUDSHXWLF GUXJV EHWZHHQ -' DQG -' FHOO
FXOWXUH - $ YDULHW\ RI V\VWHPV HJ VFDIIROG K\GURJHO PXOWLFHOOXODU VSKHURLG
PXOWLOD\HU FHOO FXOWXUH DQG PLFURIOXLGLF GHYLFHV DQG VSKHURLGV RQ D FKLS KDYH EHHQ
GHYHORSHG WR PLPLF SK\VLRORJLFDO -' HQYLURQPHQWV  $PRQJ WKHVH PXOWLFHOOXODU
VSKHURLGV KDYH EHHQ ZLGHO\ XVHG IRU VHYHUDO GHFDGHV DV D -' WLVVXH FXOWXUH PRGHO IRU
HYDOXDWLQJWKHUDSHXWLFGUXJVLQFDQFHUUHVHDUFK5HFHQWILQGLQJVKDYHDOVRLQGLFDWHGWKDWFHOOV
UHVSRQGGLIIHUHQWO\WRWLVVXHRUFHOOFXOWXUHGHULYHG-'PDWULFHVFRPSDUHGWRSXUHFROODJHQ
JHOVRUIODWWLVVXHFXOWXUHVXEVWUDWHV,QWKLVSDSHUZHKDYHWKHUHIRUHFRQFHQWUDWHGRQDQ
RUJDQRW\SLFEUDLQVOLFHDQG-'PRGHOVZKLFKIRUPVSKHURLGVLQWKHDEVHQFHRIDGGHG(&0
LQJUHGLHQWV 
'UXJGHOLYHU\LVLPSRUWDQWLQFDQFHUUHVHDUFKWRWU\DQGH[SORLWGLIIHUHQFHVEHWZHHQWXPRXU
DQGQRUPDO WLVVXH0DQ\GHOLYHU\V\VWHPVDUHPDFURPROHFXODUHJGUXJFDUULHUFRQMXJDWHV
DQWLERGLHVRU13HJOLSRVRPHVQDQRFDSVXOHVDQGPDWUL[13V,WLVDVVXPHGWKDWWKHVHGUXJ
GHOLYHU\V\VWHPVPD\EHSUHIHUHQWLDOO\DFFXPXODWHGLQWXPRXUWLVVXHGXHWROHDN\YDVFXODWXUH
 +RZHYHU ZH QHHG WR FRQVLGHU KRZ 13V FDQ SHQHWUDWH WKURXJK WKH WXPRXU WR
LQGLYLGXDOWDUJHWFHOOV:HDUHSDUWLFXODUO\LQWHUHVWHGLQQDQRSDUWLFOHGHOLYHU\V\VWHPVIRU
ORFDO GHOLYHU\ HJ SRVW VXUJLFDO DSSOLFDWLRQ FRQYHFWLYH HQKDQFHGGHOLYHU\ GHOLYHU\ HWF ,Q
WKHVH DSSOLFDWLRQV PRELOLW\ DQG SHQHWUDWLRQ RI QDQRSDUWLFOHV WKURXJK WXPRXU WLVVXH DQG
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
 
 
 
VHOHFWLYLW\ RI XSWDNH ZRXOG EH SDUWLFXODUO\ LPSRUWDQW +RZ GR VL]H VKDSH DQG VXUIDFH
SURSHUWLHVDIIHFW WKHPRELOLW\RI13V WKURXJK(&0DQG WKHLUSHQHWUDWLRQZLWKLQ WLVVXHDIWHU
13VOHDYHWKHFLUFXODWLRQ"'RHVWKH(&0DURXQGWXPRXUFHOOVGLIIHUIURPQRUPDOFHOOVDQG
KRZGRHVLWDIIHFWPRYHPHQWDQGSHQHWUDWLRQRI13V",VWKHUHDQ\VHOHFWLYLW\GLIIHUHQFHDWWKH
WLVVXH DQG FHOOXODU OHYHO " (QGRF\WRVLV RI GUXJ GHOLYHU\ V\VWHPV KDV EHHQ DOPRVW
H[FOXVLYHO\ LQYHVWLJDWHG LQ PRQROD\HU FXOWXUH DQG FRQVHTXHQWO\ WKHUH KDV EHHQ OLWWOH
FRQVLGHUDWLRQRIWKHHIIHFWRI-'FXOWXUHRQLQWHUDFWLRQVRIGUXJGHOLYHU\V\VWHPVZLWKFHOOV 
7KXV LQ WKH GUXJ GHOLYHU\ DUHD LPSRUWDQW TXHVWLRQV VXFK DV DFFHVVLELOLW\ WR FHOOV DQG
SHQHWUDWLRQE\PDFURPROHFXOHVDQG13VVKRXOGEHDGGUHVVHGLQ-'FXOWXUHVAn increasing 
number of references relating to drug delivery have applied multicellular spheroid models for 
assessing various drug delivery systems.  2XU SUHYLRXV VWXG\  LQGLFDWHG VHOHFWLYLW\ RI
IOXRUHVFHQW G\H ORDGHG 3RO\JO\FHURO-DGLSDWH 3*$ 13V EHWZHHQ WXPRXU FHOOV DQG EUDLQ
FHOOVLQD-'LQYLWURFR-FXOWXUHEUDLQWXPRXULQYDVLRQPRGHO+RZHYHULWODFNHGHYDOXDWLRQ
RI HIIHFW RI (&0 RQ FHOOXODU XSWDNH DQG PRELOLW\ RI 3*$ 13V LQ YDULRXV -' FHOO FXOWXUH
PRGHOV ,Q WKLV SDSHU ZH KDYH VWXGLHG WKH FHOOXODU XSWDNH DQG PRELOLW\ RI 5KRGDPLQH %
,VRWKLRF\DQDWH5%,7&ODEHOOHG3*$13VLQ-'DQGGLIIHUHQW-'FHOOFXOWXUHPRGHOVVXFK
DVYDULRXVVSKHURLGVDQGRUJDQRW\SLFEUDLQVOLFHVLQRUGHUWRSUHVHQWWKHLPSRUWDQFHRIXVLQJ
-' FHOO FXOWXUH PRGHOV DQG KRZ WKH\ PD\ EHQHILW WKH IXWXUH GHYHORSPHQW RI QHZ GUXJ
GHOLYHU\V\VWHPV7KHVHPRUHDFFXUDWHLQYLWURPRGHOVDUHSDUWLFXODUO\LPSRUWDQWIRUWXPRXUV
ZKLFK DUH PRUH GLIILFXOW WR HYDOXDWH LQ YLYR VXFK DV WKH EUDLQ FDQFHUV LQ ZKLFK ZH DUH
LQWHUHVWHG 
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$7&& 5RFNYLOOOH 0' 86$ 0RXVH
DQWL-UDW&'%SULPDU\PRQRFORQDODQWLERG\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3DLVOH\8.$OORWKHU
FKHPLFDOVZHUHIURP6LJPD-$OGULFK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13SUHSDUDWLRQIRUFHOOXODUXSWDNH 
13V ZHUH SUHSDUHG DQG FKDUDFWHULVHG DV GHVFULEHG LQ RXU SUHYLRXV VWXG\  'HWDLOV RQ
PHWKRGV IRUSRO\PHU V\QWKHVLV SURSHUWLHVRI WKHSRO\PHUDQGQDQRSDUWLFOHV FDQEH DOVREH
IRXQG KHUH  DQG UHIHUHQFHV ZLWKLQ )RU DOO H[SHULPHQWV RI 13V LQ WKH VWXG\ RI FHOOXODU
XSWDNH3*$13VZHUHFRDWHGE\DGGLWLRQRISRO\VRUEDWH-WRJLYHDILQDOFRQFHQWUDWLRQ
RIDQGSDVVHGWKURXJKDV\ULQJHILOWHUȝP9LYDVFLHQFH*HPDQ\WRVWHULOL]HWKH13
VXVSHQVLRQ 
0RQROD\HUFHOOFXOWXUH 
'$2<DKXPDQFHUHEHOODUPHGXOOREODVWRPDFHOOOLQHZDVPDLQWDLQHGRQ0LQLPXP(VVHQWLDO
0HGLXP0(0VXSSOHPHQWHGZLWK)HWDO%RYLQH6HUXP)%6P0/-JOXWDPLQH
P0 QRQ-HVVHQWLDO $PLQR $FLGV P0 VRGLXP S\UXYDWH,  VRGLXP ELFDUERQDWH
VROXWLRQDW&DQG&20L[HGEUDLQFHOOVZHUHGLVVRFLDWHGIURPZKROHEUDLQVRI(-
:LVWDU UDWV %LRPHGLFDO 6FLHQFHV 8QLW 8QLYHUVLW\ RI 1RWWLQJKDP DV IROORZV DIWHU ZKROH
EUDLQV ZHUH UDSLGO\ UHPRYHG DQG LPPHUVHG LQ LFH-FROG +DQN¶V %DODQFHG 6DOW 6ROXWLRQ
+%66FRQWDLQLQJP0+(3(6EUDLQWLVVXHVZHUHJHQWO\PLQFHGLQWRVPDOOSLHFHVXVLQJD
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
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VFDOSHO 7KH WLVVXH IUDJPHQWV ZHUH LQFXEDWHG ZLWK  WU\SVLQ PO :RUWKLQJWRQ
%LRFKHPLFDO&RUSRUDWLRQ1-86$DQG+%66POLQ&2LQFXEDWRUDW&$IWHU
PLQRILQFXEDWLRQLQGLYLGXDOFHOOVZHUHJHQWO\GLVVRFLDWHGIURPWLVVXHIUDJPHQWVFXOWXUHGDW
DGHQVLW\ DWî FHOOVZHOORUî FHOOV ZHOO LQD-ZHOO WLVVXHFXOWXUHSODWHDQG
PDLQWDLQHG RQ 0(0 VXSSOHPHQWHG  1&6 P0 /-JOXWDPLQH DQG  VRGLXP
ELFDUERQDWH VROXWLRQDW&DQG&2)RHWDOEUDLQFHOOVZHUH IUHVKO\GHULYHG IRU HDFK
H[SHULPHQWDQGZHUHQRWSDVVDJHGEHIRUHXVH 
6SKHURLGFXOWXUH 
)RU '$2< VSKHURLGV '$2< FHOOV ZHUH JURZQ LQ PRQROD\HU DQG GHWDFKHG IURP WKH
VXEVWUDWXPDVGHVFULEHGDERYH7KHLQGLYLGXDOFHOOVPOîFHOOVPOZHUHFXOWXUHGLQ
'$2< FXOWXUH PHGLXP LQ  PO VFUHZ WRS FXOWXUH IODVNV 6FLHQWLILF /DERUDWRU\ 6XSSOLHV
8.DQGPDLQWDLQHGDWDFRQVWDQWURWDWLRQRIUHYPLQRQDQRUELWDOVKDNHU&ROH-3DOPHU
86$ DW & &XOWXUHV ZHUH REVHUYHG DQG PHGLXP ZDV H[FKDQJHG DIWHU  K RI FXOWXUH
3ULPDU\ PL[HG EUDLQ VSKHURLGV ZHUH IRUPHG XVLQJ WZR PHWKRGV D$IWHU LQGLYLGXDO FHOOV
ZHUH GLVVRFLDWHG IURP (- UDWV PL[HG EUDLQ VSKHURLGV ZHUH SUHSDUHG DQG FXOWXUHG DV
GHVFULEHGSUHYLRXVO\IRU'$2<VSKHURLGVH[FHSWWKDWPL[HGEUDLQVSKHURLGVZHUHPDLQWDLQHG
RQ 1&6 VXSSOHPHQWHG 0(0 FXOWXUH PHGLXP E D VHFRQG W\SH RI VSKHURLG ZDV IRUPHG
VSRQWDQHRXVO\ ZLWKRXW DQ\ PHFKDQLFDO IRUFHV LQ ZKLFK KLJK FRQFHQWUDWLRQV RI LQGLYLGXDO
FHOOVPOîFHOOVPOZHUHFXOWXUHGLQD-ZHOOSODWHDQGWKHQLQGLYLGXDOFHOOVUHIRUPHG
WKHPVHOYHV LQWR VSKHURLGV 7KH VSKHURLGV ZHUH PDLQWDLQHG RQ 1&6 VXSSOHPHQWHG 0(0
FXOWXUHPHGLXP 
2UJDQRW\SLFVOLFHFXOWXUH 
2UJDQRW\SLFEUDLQVOLFHVZHUHSUHSDUHGIURP-GD\-ROG:LVWDUUDWV&HUHEUDOFRUWLFHVZHUHFXW
LQWRȝPWKLFNVOLFHVZLWKDWLVVXHFKRSSHU0F,OZDLQ7LVVXH&KRSSHU0LFNOH/DERUDWRU\
(QJLQHHULQJ&R/WG8.XQGHUVWHULOHFRQGLWLRQVLQDODPLQDUIORZKRRG7KUHHVOLFHVZHUH
WKHQ ODLG GRZQ RQ D 0LOOLFHOO-&0 PHPEUDQH LQVHUW 0LOOLSRUH &DUULJWZRKLOO &R &RUN
,UHODQGDQG WKH LQVHUWZDVSODFHG LQ LQGLYLGXDOZHOOVRI -ZHOOSODWHV 0HGLXPPOZDV
DGGHG WR WKH ERWWRP RI WKH FXOWXUH SODWH  6OLFHV ZHUH FXOWXUHG LQ WKH VDPH FXOWXUH
PHGLXPDVPL[HGEUDLQFHOOVDW&ZLWKD&2LQFXEDWRU 
&HOOXODUXSWDNHRI5%,7&ODEHOOHG13V 
)RU'$2<FHOOV LQ-'FXOWXUH FHOOVZHUHSODWHG DW DGHQVLW\RI î FHOOV SHUFP
WLVVXHFXOWXUHIODVNDQGDOORZHGWRDWWDFKIRUK7RVWXG\WKHHIIHFWRILQFXEDWLRQWLPHRQ
FHOOXODU13XSWDNHFHOOVZHUH LQFXEDWHG LQJURZWKPHGLXPLQFOXGLQJȝJ13VSHUî
 FHOOV IRUGLIIHUHQW LQFXEDWLRQ WLPH IURPPLQ WRK$IWHUFHOOVZDVKHGZLWK3%6
WKUHHWLPHVWKH\ZHUHGHWDFKHGE\7U\SVLQ-('7$IRUIORZF\WRPHWU\DQDO\VLV 
)RU0L[HGEUDLQFHOOVLQ-'FXOWXUHFHOOVZHUHVHHGHGDWîFHOOVPOSHUZHOOLQ-
ZHOOSODWHV)RUVWXG\RIHIIHFWRI LQFXEDWLRQ WLPHRQ13XSWDNHFHOOVZHUH LQFXEDWHGZLWK
JURZWKPHGLXPLQFOXGLQJȝJ13VIRUGLIIHUHQWLQFXEDWLRQWLPHV$IWHUFHOOVZHUHZDVKHG
WKUHH WLPHV ZLWK 3%6 FHOOV ZHUH KDUYHVWHG E\ 7U\SVLQ-('7$ DQG SUHSDUHG IRU IORZ
F\WRPHWU\VWXG\ 
)RUVSKHURLGVLQ-'FXOWXUHDIWHUVSKHURLGVZHUHIRUPHGWKHJURZWKPHGLXPZDVUHSODFHG
ZLWK IUHVK FXOWXUH PHGLXP FRQWDLQLQJ 13 VXVSHQVLRQ ȝJ 13V î FHOOV DQG
LQFXEDWHG IRU D VHULHVRI LQFXEDWLRQ WLPHV IURPK WRK$W WKH HQGRI WKH LQFXEDWLRQ
SHULRGVSKHURLGVZHUHGLVVRFLDWHGLQWRVLQJOHFHOOVZDVKHGWKUHHWLPHVZLWK3%6DQGZHUH
VWXGLHGE\IORZF\WRPHWU\DQGFRQIRFDOIOXRUHVFHQFHPLFURVFRS\ 
)RU RUJDQRW\SLF EUDLQ VOLFHV FHUHEUDO FRUWLFHV ZHUH PDLQWDLQHG LQ FXOWXUH PHGLXP IRU 
GD\VWKHQ13ȝJVXVSHQVLRQZDVDGGHGGLUHFWO\RQWKHWRSRIVOLFHVDQGLQFXEDWHGZLWK
VOLFHVIRUK/\VR7UDFNHU<HOORZQ0ZDVDGGHGWRHDFKVDPSOHKEHIRUHWKHHQGRI
LQFXEDWLRQ WLPH&HUHEUDOFRUWH[VOLFHVZHUHZDVKHG WKUHH WLPHVZLWK3%6DQGIL[HG LQ
IUHVKO\SUHSDUHGSDUDIRUPDOGHK\GHIRUPLFURVFRS\ 
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
 
 
 
,PPXQRKLVWRFKHPLVWU\ 
%UDLQ FHUHEUDO FRUWH[ VOLFHV ZHUH LQFXEDWHG ZLWK 5%,7& ODEHOOHG 13V DQG /\VR7UDFNHU
Q0WKHQZHUHZDVKHGZLWK7ULV-+&OEXIIHUP0S+WKUHHWLPHV%UDLQFHUHEUDO
FRUWH[ VOLFHVZHUH WKHQ IL[HG LQ SHULRGDWH-O\VLQH-SDUDIRUPDOGHK\GH IL[DWLYHRI0F/HDQ DQG
1DNDQH  IRU  PLQ DW URRP WHPSHUDWXUH DQG SURFHVVHG IRU LPPXQRKLVWRFKHPLVWU\
6HFWLRQVZHUHLQFXEDWHGRYHUQLJKWZLWKPRXVHDQWL-UDW&'%SULPDU\PRQRFORQDODQWLERG\
&ORQH 2;-  LQ 7ULV-+&O LQFOXGLQJ %6$ DW & 7KH PRQRFORQDO DQWLERG\
&'%UHFRJQL]HVWKHFRPSOHPHQW&ELUHFHSWRUZKLFKLVH[SUHVVHGE\EUDLQPDFURSKDJHV
DQGPLFURJOLD-7KHVHFWLRQVZHUHVXEVHTXHQWO\LQFXEDWHGZLWKIOXRUHVFHLQKRUVHDQWL-
PRXVH ,J*+/ VHFRQGDU\ DQWLERG\  LQ 7ULV-+&O ZLWK %6$ IRU  K DW URRP
WHPSHUDWXUHDQGZHUHREVHUYHGXVLQJIOXRUHVFHQFHPLFURVFRS\ 
)ORZF\WRPHWU\ 
6SKHURLGV ZHUH WUHDWHG ZLWK 7U\SVLQ-('7$ PO DW & IRU  PLQ WR DOORZ VSKHURLG
GHWDFKPHQW ,QGLYLGXDO FHOOV ZHUH WKHQ JHQWO\ GLVVRFLDWHG IURP VSKHURLGV E\ XVLQJ D JODVV
3DVWHXU SLSHWWH 7KH LQWUDFHOOXODU IOXRUHVFHQFH LQWHQVLW\ ZDV GHWHUPLQHG RQ D %HFNPDQ
&RXOWHU(3,&6;/-0&/IORZF\WRPHWHU%HFNPDQ&RXOWHU/LPLWHG%XFNLQJKDPVKLUH8.
XVLQJ ;/ 6<67(0 ,, VRIWZDUH $SSUR[LPDWHO\  FHOO HYHQWV ZHUH HYDOXDWHG IRU
IRUZDUGDQGVLGHVFDWWHUFKDUDFWHULVWLFVWRGHWHUPLQHWKHWUHQGRI5%,7&ODEHOOHG13WDNHQXS
E\FHOOV 
0LFURVFRS\VWXGLHV 
6SKHURLGV DQG VOLFHV ZHUH LQFXEDWHG ZLWK '$3, Q0 IRU  PLQ DIWHU VDPSOHV ZHUH
IL[HG 6DPSOHV ZHUH VXEVHTXHQWO\ YLVXDOL]HG DQG LPDJHG XQGHU D /HLFD 63 03 FRQIRFDO
PLFURVFRSH XVLQJ D QP ILOWHU /\VR7UDFNHU QP ILOWHU IOXRUHVFHLQ QP ILOWHU
5%,7& DQG 89 ODVHU '$3, 6WDQGDUG VHWWLQJV IRU DFTXLVLWLRQ RI LPDJHV ZHUH XVHG
WKURXJKRXWWKLVZRUNWRHQVXUHWKDWLPDJHVREWDLQHGZHUHFRPSDUDEOH 
3HQHWUDWLRQRI13VLQ-'FXOWXUHV$IWHUVSKHURLGVDQGVOLFHVZHUHLQFXEDWHGZLWK13VIRU
KWKH\ZHUHYLVXDOL]HGXQGHUFRQIRFDOIOXRUHVFHQFHPLFURVFRS\LQWKH]-GLPHQVLRQZLWK
WKHVDPHVFDQVHWWLQJVDQG]LQWHUYDO)RUWKHVSKHURLGVDVLPLODU]-VHFWLRQIURPWKHPLGGOH
ZDVVHOHFWHGDQGWKHPHDQIOXRUHVFHQFHLQWHQVLW\0),ZDVPHDVXUHGIURPWKHSHULSKHU\WR
WKH FHQWUH 7DNLQJ LQWR DFFRXQW WKH VSKHULFDO JHRPHWU\ RI WKH VSKHURLG WKH 0), RI
FRPSDUDEOH DUHDV LQ WKHVH VHOHFWHG ]-VHFWLRQV ZHUH GHWHUPLQHG 2UJDQRW\SLF VOLFHV ZHUH
FXOWXUHGRQDPHPEUDQHLQVHUWDQGWKH13VXVSHQVLRQZDVDGGHGRQWRWKHWRSIODWVXUIDFHRI
RUJDQRW\SLFVOLFHDIWHU-GD\V LQFXOWXUH$]-VHFWLRQIURPDVLPLODUPLGGOH OHYHOZDVDOVR
FKRVHQWRDQDO\VH0),DFURVVWKHZKROHVHFWLRQRI WKHRUJDQRW\SLFVOLFH 7KH0),RIHDFK
VHOHFWHGSDUWRIWKHVHFWLRQLQWKH]-GLPHQVLRQZDVFDOFXODWHGXVLQJ,PDJH-DQGH[SUHVVHGDV
0), SHU ȝP 2QH VSKHURLG DQG RUJDQRW\SLF VOLFH ZHUH YLVXDOLVHG HDFK WLPH DQG WKH
H[SHULPHQWZDVFDUULHGRXWWZLFH 
 
5HVXOWV 
/RFDOLVDWLRQRI13VLQVSKHURLGVDQGRUJDQRW\SLFVOLFHV 
,Q WKH SUHVHQW VWXG\ ZH DUH LQWHUHVWHG LQ WKH HIIHFWV RI ERWK WKH GLPHQVLRQDOLW\ RI WKH FHOO
FXOWXUH DQG PXOWLSOH FHOO W\SHV RQ WKH SHQHWUDWLRQ DQG FHOOXODU XSWDNH RI 13 :H KDYH
WKHUHIRUH XVHG D UDQJH RI FXOWXUH WHFKQLTXHV LQFOXGLQJ RUJDQRW\SLF VOLFHV DQG VSKHURLGV
SURGXFHGLQGLIIHUHQWZD\V7KH3*$13VXVHGLQWKLVVWXG\KDYHDVL]HDURXQGQPDQG
KDYH SUHYLRXVO\ EHHQ UHSRUWHG WR EH WDNHQ XS LQWR '$2< PHGXOOREODVWRPD FHOOV LQ
PRQROD\HU FXOWXUH  7KURXJKRXW WKH VWXG\ WKHVH 13V KDYH EHHQ UKRGDPLQH ODEHOOHG WR
DOORZHDV\LGHQWLILFDWLRQ 
7KH LQWUDFHOOXODU HQGRF\WLF FRPSDUWPHQW RI FHOOV FDQ EH ODEHOOHG XVLQJ /\VR7UDFNHU G\H
ZKLFKDFFXPXODWHVLQDFLGLFFRPSDUWPHQWV,Q)LJXUHXVLQJDFRQWURORUJDQRW\SLFFHUHEUDO
FRUWH[ VOLFH ZKLFK KDV QRW EHHQ H[SRVHG WR 13V LW FDQ EH VHHQ WKDW WKH O\VRVRPH
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
 
 
 
FRPSDUWPHQWVRIWKHVHFHOOVDUHVPDOOGLIIXVHDQGQRWYHU\SURPLQHQW'HVSLWHWKHORZOHYHO
DQG GLIIXVH QDWXUH RI WKH O\VRVRPDO FRPSDUWPHQW LW FDQ VWLOO EH VHHQ ORFDOLVHG QHDU WKH
QXFOHXVLQLWVFKDUDFWHULVWLFDUUDQJHPHQW 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
)LJXUH$FRQIRFDOLPDJHRIFRQWURORUJDQRW\SLFFHUHEUDOFRUWH[VOLFHV6OLFHVZHUHLQFXEDWHGZLWK
Q0/\VR7UDFNHU<HOORZIRUK$VFDQEHVHHQ/\VR7UDFNHU<HOORZDSSHDUVDVYHU\VPDOO\HOORZ
IOXRUHVFHQWGRWVLQPDQ\FHOOV 
 
 
,Q)LJXUHVDQG13VKDYHEHHQDGGHGWRWKHVSKHURLGVDQGRUJDQRW\SLFVOLFHVUHVSHFWLYHO\
DQGWKHO\VRVRPHFRPSDUWPHQWVZHUHPXFKPRUHSURQRXQFHGWKURXJKRXWERWKWKHVSKHURLGV
DQGVOLFHV 
)LJXUHLVDFRQIRFDOLPDJHSLFWXUHWDNHQIURPDVOLFHWKURXJKWKHFHQWUHRIDPXOWLFHOOXODU
VSKHURLGRI'$2<FHOOVLQZKLFKWKHSDWWHUQRIWKH13VVKRZVDVWURQJUHVHPEODQFHWRWKDW
RIWKHO\VR7UDFNHUG\H&RPELQLQJWKHVHLPDJHVJLYHVDQRUDQJHRU\HOORZFRORXUWRPRVWRI
WKHGRWVGHPRQVWUDWLQJORFDOLVDWLRQRIPRVWRIWKH13VZLWKLQWKHO\VRVRPDOFRPSDUWPHQW 
 
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
 
 
 
 
 
)LJXUH&RQIRFDOLPDJHVVKRZLQJORFDOLVDWLRQRI5%,7&ODEHOOHG13VZLWKLQPL[HGQHRQDWDOEUDLQ
VSKHURLGV D \HOORZ IOXRUHVFHQFH IURP /\VR7UDFNHU E UHG IOXRUHVFHQFH IURP 13V F EOXH
IOXRUHVFHQFH IURP '$3, D PDUNHU IRU QXFOHXV G FR-ORFDOLVDWLRQ RI UHG ZLWK \HOORZ DQG EOXH
IOXRUHVFHQFH7KHPDMRULW\RI13VZHUHWDNHQXSE\EUDLQFHOOVDQGLQWRWKHO\VRVRPHFRPSDUWPHQW
DQGRQO\DIHZ13VFRXOGEHIRXQGORFDOLVHGLQWKHLQWHUVWLWLDOFRPSDUWPHQWZKLWHFLUFOH 
 
&ORVHUH[DPLQDWLRQDVLQGLFDWHGZLWKLQFLUFOHVDQGHQODUJHPHQWVUHYHDOVDIHZ\HOORZGRWV
RID O\VRVRPDOFRPSDUWPHQWZLWKIHZ13VSUHVHQWEXWDOVRDIHZUHGGRWVZKLFKUHSUHVHQW
13V RXWVLGH RI WKH O\VRVRPDO FRPSDUWPHQW  7KHVH PD\ UHSUHVHQW XSWDNH LQWR WKH FHOO
F\WRSODVPEXWDV WKH\DUHVRPHGLVWDQFHIURPWKHEOXH'$3,VWDLQHGQXFOHL WKH\DUHPXFK
PRUH OLNHO\ WR LQGLFDWH 13V VWLOO RXWVLGH WKH FHOOV LQ WKH LQWHUVWLWLDO FRPSDUWPHQW )LJXUH 
ZKLFK LV D VLPLODU FRQIRFDO LPDJH RI D EUDLQ VOLFH VKRZV D ORZHU GHQVLW\ RI ERWK UHG DQG
\HOORZGRWVEXWRYHUDOOJLYHVDVLPLODUSLFWXUHRI13XSWDNH 
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
 
 
 
 
 
 
)LJXUH&RQIRFDOLPDJHVRI5%,7&ODEHOOHG13VWDNHQXSE\RUJDQRW\SLFUDWFHUHEUDOFRUWH[VOLFHV
D UHG IOXRUHVFHQFH IURP 13V E \HOORZ IOXRUHVFHQFH IURP /\VR7UDFNHU <HOORZ F EOXH
IOXRUHVFHQFHIURP'$3,GFRPELQHGSLFWXUHRIUHGZLWK\HOORZDQGEOXHIOXRUHVFHQFH7KHPDMRULW\
RI13VZHUHWDNHQXSE\EUDLQFHOOVDQGVRUWHGLQWRWKHO\VRVRPDOFRPSDUWPHQWJUHHQFLUFOHDQGIHZ
13VDUHORFDOLVHGRXWVLGHRIFHOOVSLQNVTXDUH 
 
 
(IIHFWRIFHOOW\SHDQGFXOWXUHGLPHQVLRQRQXSWDNHRI13V 
$IWHU VSKHURLGVRUPRQROD\HU FXOWXUHV ZHUH LQFXEDWHGZLWK5%,7& ODEHOOHG13 VXVSHQVLRQ
IRUYDULRXVWLPHVWKH\ZHUHGLVVRFLDWHGLQWRLQGLYLGXDOFHOOVDQGWKHQLPPHGLDWHO\DVVD\HGE\
IORZF\WRPHWU\)LJXUH,QWUDFHOOXODU0HDQ)OXRUHVFHQFH,QWHQVLW\0),LQERWKW\SHVRI
FHOOLQ-'DQG-'FXOWXUHLQFUHDVHGZLWKDQLQFUHDVHRILQFXEDWLRQWLPH/RRNLQJILUVWDWWKH
VLWXDWLRQ LQ -' FXOWXUH GDVKHG OLQHV HPSW\ V\PEROV LW FDQ EH VHHQ WKDW WKH UDWH RI 13
XSWDNH LQWR PL[HG QHRQDWDO EUDLQ FHOOV FLUFOHV ZDV JUHDWHU WKDQ WKDW RI '$2< FHOOV
VTXDUHV +RZHYHU LQ -' FXOWXUH VROLG OLQHV ILOOHG V\PEROV 0), RI FHOOV IURP '$2<
VSKHURLGVZDVPXFKKLJKHUWKDQIURP'$2<FHOOVLQPRQROD\HUFXOWXUHDQGDOVRKLJKHUWKDQ
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
 
 
 
PL[HG QHRQDWDO EUDLQ FHOOV LQ -' FXOWXUH ,Q WKH XSWDNH VWXG\ RI '$2< VSKHURLGV
LQWUDFHOOXODU0),UHDFKHGLWVSODWHDXDIWHUK 
 
)LJXUH7LPHFRXUVHIRUXSWDNHRI5%,7&ODEHOOHG13VE\'$2<FHOOVDQGPL[HGIRHWDOEUDLQFHOOV
LQGLIIHUHQWFXOWXUHGLPHQVLRQ8SWDNHRI13VLQWR'$2<FHOOVILOOHGDQGVTXDUHV\PEROVZDVORZHU
WKDQLQPL[HGQHRQDWDOEUDLQFHOOVHPSW\DQGURXQGV\PEROVLQPRQROD\HUFXOWXUHGDVKHGOLQHVEXW
LQ-'VSKHURLGVFRQWLQXRXVOLQHVFXOWXUHWKLVZDVUHYHUVHGZLWKDKLJKXSWDNHLQWR'$2<VSKHURLGV
DQGDORZXSWDNHLQWRPL[HGQHRQDWDOEUDLQVSKHURLGV0HDQ6(0Q  
 
,W ZDV DQWLFLSDWHG WKDW -' QDWXUH RI WKH FXOWXUHV ZRXOG DIIHFW SHQHWUDWLRQ DQG XSWDNH RI
SDUWLFOHV DQG WKDW VRPH KHWHURJHQHLW\ DQG WLPH GHSHQGHQFH RI XSWDNH PD\ EH H[SHFWHG
&RQVHTXHQWO\ VSKHURLGFXOWXUHVRIERWKPL[HGQHRQDWDOEUDLQDQG'$2<FHOOV WUHDWHGZLWK
ODEHOOHG13ZHUHH[DPLQHGE\FRQIRFDOIOXRUHVFHQFHPLFURVFRS\)OXRUHVFHQFHPLFURJUDSKV
)LJXUH  ZKLFK ZHUH WDNHQ IURP WKH PLGGOH RI VSKHURLGV ZHUH XVHG WR LQYHVWLJDWH WKH
SHQHWUDWLRQ DQG XSWDNH SDWWHUQ RI 13V E\ VSKHURLGV IRUPHG E\ GLIIHUHQW W\SH RI FHOOV 7KH
SLFWXUHVLQ)LJXUHDUHDWVOLJKWO\GLIIHUHQWPDJQLILFDWLRQDQGKDYHGLIIHUHQWVFDOHEDUVVRWKDW
WKHGLIIHUHQFHVLQXSWDNHSHQHWUDWLRQZLWKWLPHFDQEHFRPSDUHGIRUHDFKVHTXHQFHRIVOLGHV
DFURVVWKHZKROHVSKHURLG7KHVHSLFWXUHVDUHHTXLYDOHQWWRWKHGDWDLQ)LJXUHDQGVKRZWKH
TXDOLWDWLYHGLIIHUHQFHVLQ13SHQHWUDWLRQDQGXSWDNHEHWZHHQWKHVHGLIIHUHQWFHOOW\SHV,QWKH
ILUVW VHYHUDO KRXUV RI LQFXEDWLRQ WLPH  DQG  KRXUV WKH LQWHQVLW\ RI IOXRUHVFHQFH LQ WKH
SHULSKHU\RIVSKHURLGVZDVKLJKHUWKDQWKDWLQWKHFHQWUH:LWKLQFUHDVHGLQFXEDWLRQWLPHWKH
LQWHQVLW\ RI IOXRUHVFHQFH LQ WKH FHQWUH RI VSKHURLGV LQFUHDVHG +RZHYHU WKH IOXRUHVFHQFH
LQWHQVLW\RIPL[HG QHRQDWDO EUDLQ VSKHURLGVZDVPXFK ORZHU WKDQ WKDWRI'$2< VSKHURLGV
DIWHUKLQFXEDWLRQWLPH 
 
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
 
 
 
 
)LJXUH  7LPH-GHSHQGHQW XSWDNH DQG GLVWULEXWLRQ RI 5%,7& ODEHOOHG 13V LQWR '$2< DQG PL[HG
EUDLQVSKHURLGV8SWDNHDQGGLVWULEXWLRQRI13VLQWR'$2<VSKHURLGVLVVKRZQRQWKHOHIWFROXPQRI
LPDJHV DQG LQWR PL[HG EUDLQ VSKHURLGV LQ WKH ULJKW KDQG VLGH LPDJHV 7KH LQFXEDWLRQ WLPH ZDV
PRQLWRUHGDWKKDQGK$OOSLFWXUHVDUHRSWLFDOVHFWLRQVWKURXJKWKHFHQWUHRIWKHDJJUHJDWHV 
 
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
 
 
 
(IIHFWRIFHOOFXOWXUHPRGHOVRQSHQHWUDWLRQRI13V 
7KHQDWXUHRIWKH-'FXOWXUHLVDOVROLNHO\WRLQIOXHQFHSHQHWUDWLRQVRGLIIHUHQW-'FXOWXUH
PRGHOVZHUHDOVRH[DPLQHG:HKDYHFRPSDUHGWKH13GLVWULEXWLRQSDWWHUQDQGSHQHWUDWLRQLQ
DYDULHW\RI-'FRPELQDWLRQVZKHUHWKHFHOOVDUHJURZQLQGLIIHUHQWW\SHVRIVSKHURLGVRULQ
VOLFHFXOWXUH7KHVHGLIIHUHQWIRUPDWVUHSOLFDWHWRGLIIHUHQWGHJUHHVWKH-'PLFURHQYLURQPHQW
IRXQG LQ YLYR )LJXUH  VKRZV WKH GLVWULEXWLRQ SDWWHUQ DQG SHQHWUDWLRQ RI 13V LQ PL[HG
QHRQDWDO EUDLQ VSKHURLGV SUHSDUHG XVLQJ WZR GLIIHUHQW PHWKRGRORJLHV DQG RUJDQRW\SLF
FHUHEUDOFRUWH[VOLFHV 
 
&RQIRFDO IOXRUHVFHQFH LPDJHV LQ )LJXUH  ZHUH WDNHQ IURP VSKHURLGV IRUPHG E\ WKH
VSRQWDQHRXV PHWKRG DH DQG WKH URWDWLRQ PHWKRG EI WRJHWKHU ZLWK LPDJHV IURP
RUJDQRW\SLF FHUHEUDO VOLFHV G 5HVXOWV IURP ERWK PHWKRGV UHVXOWHG LQ VSKHURLGV WKDW ZHUH
FRPSOHWHO\IRUPHGDQGEHFDPHZHOOURXQGHGDQGFRPSRVHGRIKLJKO\FRPSDFWHGFHOOV7KH
WZR W\SHV RI VSKHURLGV KDG D VLPLODU VL]H DIWHU  K JURZLQJ RQ WKH JODVV FRYHUVOLSV DQG
LQFXEDWLRQZLWK13VDQGWKXVDVLPLODUQXPEHURIVOLFHVLQWKH]-GLPHQVLRQVRWKH]LQWHUYDO
ZDVNHSWFRQVWDQWWKURXJKRXWLPDJHDFTXLVLWLRQ 
 
 
 )LJXUH  &RQIRFDO IOXRUHVFHQFH LPDJHV GHPRQVWUDWLQJ SHQHWUDWLRQ RI 13V LQ -' FHOO FXOWXUH D
VKRZLQJ WKH DUHD RI 0), PHDVXUHG LQ VSRQWDQHRXVO\ IRUPHG PL[HG QHRQDWDO EUDLQ VSKHURLGV E
VKRZLQJWKHDUHDRI0),PHDVXUHGLQVSKHURLGVIRUPHGE\DURWDWLRQPHWKRGFDJUDSKVKRZLQJWKH
0),DWWKHGLIIHUHQWVHFWLRQVWKURXJKWKHVSKHURLGV7KH0),LQFUHDVHGVOLJKWO\IURPWKHSHULSKHU\WR
WKHFHQWUHRIWKHVSKHURLGVIRUPHGE\WKHURWDWLRQPHWKRGHPSW\FROXPQVDQGWKHRSSRVLWHWUHQGZDV
REVHUYHGLQVSKHURLGVIRUPHGVSRQWDQHRXVO\KRUL]RQWDOOLQHV6WXGHQW¶VW-WHVWZDVXVHGWRGHWHUPLQH
WKHVLJQLILFDQFHRIGLIIHUHQFHVLQ0),EHWZHHQWZRW\SHVRIVSKHURLGV S GRUJDQRW\SLF
FHUHEUDOFRUWH[VOLFH HVKRZLQJ WKHDUHDRI0),PHDVXUHGLQVSRQWDQHRXVO\IRUPHGVSKHURLGVI
VKRZLQJWKHDUHDRI0),PHDVXUHGLQVSKHURLGVIRUPHGE\URWDWLRQPHWKRGJJUDSKFRPSDULQJ0),
LQVSKHURLGVDQGRUJDQRW\SLFVOLFHDWDQHTXLYDOHQWSHQHWUDWLRQGHSWKVKRZLQJDGHFUHDVHRI0), LQ
WKHRUGHUVSRQWDQHRXVVSKHURLG!URWDWLRQIRUPHGVSKHURLG!RUJDQRW\SLFVOLFH2QHZD\$129$ZDV
XVHGWRGHWHUPLQHWKHVLJQLILFDQFHRIWKHGLIIHUHQFHVLQ0),EHWZHHQVSKHURLGVDQGRUJDQRW\SLFVOLFHV
 S  S  
 
 
7KH GLVWULEXWLRQ SDWWHUQ RI UHG IOXRUHVFHQFH LQ WKH LQQHU UHJLRQ RI VSKHURLGV ZDV GLIIHUHQW
EHWZHHQ WKHVH WZR W\SHV RI VSKHURLGV UHG IOXRUHVFHQFH LQ WKH VDPSOH RI VSKHURLGV IRUPHG
VSRQWDQHRXVO\)LJXUHDZDVTXLWHXQLIRUPO\GLVWULEXWHGZKLOHLQWKHVDPSOHRIVSKHURLGV
IRUPHG E\ WKH URWDWLRQ PHWKRG )LJXUH E UHG IOXRUHVFHQFH LQWHQVLW\ ZDV XQHYHQO\
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
 
 
 
GLVWULEXWHGZLWKLQVSKHURLGV0),LQWKHPLGGOHVHFWLRQRIWKHWZRGLIIHUHQWVSKHURLGPRGHOV
ZHUHH[DPLQHGD-F7RWDNHDFFRXQWRIWKHVSKHULFDOJHRPHWU\WKHLQWHQVLW\RIIOXRUHVFHQFH
ZDVPHDVXUHGDVVKRZQE\ WKHJULG IURPWKHSHULSKHU\ WR WKHFHQWUHRIVSKHURLGV DEDQG
H[SUHVVHGDV0),SHU ȝP 7KH UHVXOWLQJGDWD SORWWHG LQ)LJXUH F VKRZV WKDW WKH0), LQ
VSKHURLGVIRUPHGE\WKHURWDWLRQPHWKRGZDVLQFUHDVHGIURPWKHSHULSKHU\WRWKHFHQWUHZKLOH
WKH 0), LQ VSKHURLGV IRUPHG VSRQWDQHRXVO\ VKRZHG WKH RSSRVLWH WUHQG 7KH 0), LQ WKH
SHULSKHU\ RI VSKHURLGV IRUPHG VSRQWDQHRXVO\ ZDV VLJQLILFDQWO\ KLJKHU WKDQ LQ VSKHURLGV
IRUPHGE\ WKH URWDWLRQPHWKRG7KHSHQHWUDWLRQRI13V LQWRRUJDQRW\SLFVOLFHV LV VKRZQ LQ
)LJXUH G DQG WKH SHQHWUDWLRQ RI 13V EHWZHHQ EHWZHHQ VSKHURLGV DQG RUJDQRW\SLF VOLFHV
ZHUH DOVR FRPSDUHG 2UJDQRW\SLF VOLFHV ZHUH FXOWXUHG RQ WKH PHPEUDQH LQVHUW DQG 13
VXVSHQVLRQ ZDV DGGHG RQWR WKH WRS IODW VXUIDFH RI RUJDQRW\SLF VOLFH DIWHU -GD\ FXOWXUH
ZKHUHDV IRU WKH VSKHURLGV WKH 13V ZHUH LQ WKH VROXWLRQ VXUURXQGLQJ WKH VSKHURLGV
&RQVLGHULQJWKHVSKHULFDOJHRPHWU\RIWKHVSKHURLGDQGWKHIODWVXUIDFHRIRUJDQRW\SLFVOLFH
WKHLQWHQVLW\RIIOXRUHVFHQFHPHDVXUHGDVVKRZQE\WKHJULGVIURPKDOIRIUDGLXVRIVSKHURLGV
)LJXUHHDQGIGHSWKaPPZDVXVHGWRFRPSDUHZLWKWKHLQWHQVLW\RIIOXRUHVFHQFHLQ
WKHZKROHVHFWLRQRIRUJDQRW\SLFVOLFH LQ WKHPLGGOH OHYHORI]-VHFWLRQGHSWKaPP7KH
RUJDQRW\SLF VOLFHV VKRZHG D VLJQLILFDQWO\ ORZHU OHYHO RI LQWHQVLW\ RI IOXRUHVFHQFH WKDQ WKH
VSKHURLGV )LJXUH G DQG J ,Q WKH HTXLYDOHQW SHQHWUDWLRQ GHSWKV DPRQJ WKHVH FXOWXUH
PRGHOV WKH LQWHQVLW\ RI IOXRUHVFHQFH ZDV LQ GHFUHDVLQJ RUGHU VSKHURLGV IRUPHG
VSRQWDQHRXVO\!VSKHURLGVIRUPHGE\URWDWLRQPHWKRG!RUJDQRW\SLFFXOWXUH 
 
 
&HOOW\SHVWXG\RI13XSWDNHLQRUJDQRW\SLFFHUHEUDOFRUWH[VOLFHV 
0DFURSKDJHV DQG SURIHVVLRQDO SKDJRF\WHV ZRXOG EH H[SHFWHG WR EH WKH FHOOV PRVWO\
UHVSRQVLEOHIRUXSWDNHRI13VZLWKLQWLVVXHV7KHQRUPDOFHUHEUDOFRUWH[VOLFHVZHUHILUVWRI
DOO H[DPLQHG IRU WKH SUHVHQFH RI 0LFURJOLD RU PDFURSKDJHV DIWHU  GD\V FXOWXUH XVLQJ DQ
DQWLERG\DJDLQVW&'%DVDPDUNHUIRUWKHVHFHOOV)LJXUHD 
 
 
 
Figure 7 &RQIRFDOLPDJHVGHPRQVWUDWLQJXSWDNHRI13VWDNHQXSE\RUJDQRW\SLFUDWFHUHEUDOFRUWH[
VOLFHVLVFHOOW\SHGHSHQGHQWDVOLFHZLWK2;-ODEHOOLQJE6OLFHVLQFXEDWHGZLWK13VXVSHQVLRQ
%OXHIOXRUHVFHQFHIURP'$3,*UHHQIOXRUHVFHQFHIURPPRQRFORQDOPRXVH2;-DQWLERG\ZKLFK
ODEHOVPDFURSKDJHFHOOV2UDQJHIOXRUHVFHQFHIURPFR-ORFDWLRQRI13UHGDQG/\VR7UDFNHU\HOORZ
)HZ13VZHUHWDNHQXSE\PLFURJOLDUHGFLUFOH 
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
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7KLV LPDJH FOHDUO\ VKRZVD JRRGSURSRUWLRQRI FHOOVKLJKOLJKWHGE\ WKLVPDUNHU )LJXUHE
LOOXVWUDWHV WKH SRSXODWLRQ RI PDFURSKDJHV LQ RUJDQRW\SLF VOLFH FXOWXUH H[SRVHG WR WKH 13
VXVSHQVLRQLVVLPLODUWRWKHFRQWUROVDPSOH)LJXUHD,WDOVRVKRZVWKDWRQO\DIHZRUDQJH
IOXRUHVFHQW GRWV DUH ORFDOLVHG LQWUDFHOOXODUO\ LQ &'% ODEHOOHG FHOOV JUHHQ IOXRUHVFHQFH
ZKLFKVXJJHVWHGWKDWQRWPDQ\13VZHUHUHFRJQL]HGDQGWDNHQXSE\EUDLQPDFURSKDJHVRU
PLFURJOLDO FHOOV LQ FRQWUDVW WR WKH UHODWLYHO\ KLJKHU XSWDNH LQ VRPH RWKHU XQPDUNHG FHOOV
ZLWKLQWKHVOLFH 
 
 
'LVFXVVLRQ 
:HKDYH LQYHVWLJDWHGDQXPEHURI-'FHOOFXOWXUHV\VWHPV WRDVVHVV WKHLUSRWHQWLDO WRJLYH
LPSURYHGLQIRUPDWLRQRQWKHSHUIRUPDQFHRIGUXJGHOLYHU\V\VWHPVXVLQJ13VSUHSDUHGIURP
WKH ELRGHJUDGDEOH SRO\PHU 3*$ :H KDYH SUHYLRXVO\ VKRZQ WKDW 3*$ 13V DUH UHDGLO\
HQGRF\WRVHG E\ '$2< FHOOV LQ PRQROD\HU FXOWXUH  +HUH ZH ILUVW ZLVK WR FRQILUP
HQGRF\WRVLVLQ-'PL[HGFHOOFXOWXUHV7RXQGHUVWDQGWKHPLFURJUDSKVVKRZLQJHQGRF\WRVLV
ZHILUVWQHHGWRGHWHUPLQHKRZWKHO\VRVRPDOFRPSDUWPHQWRIFHOOVDSSHDUVLQWKHDEVHQFHRI
HQGRF\WLFXSWDNH 
0L[HG QHRQDWDO EUDLQ VSKHURLGV DQG RUJDQRW\SLF VOLFHV ZHUH LQFXEDWHG ZLWK 13V LQ WKH
SUHVHQFH RI /\VR7UDFNHU <HOORZ ZKLFK LV FRORXUOHVV DW QHXWUDO S+ EXW KDV D \HOORZ
IOXRUHVFHQFH DW DFLGLF S+  /\VR7UDFNHU <HOORZ IUHHO\ SHUPHDWHV FHOO PHPEUDQHV
DFFXPXODWLQJDQGEHFRPLQJYLVLEOHLQDFLGLFRUJDQHOOHVLQOLYLQJFHOOV7KHFRQWUROFRQIRFDO
IOXRUHVFHQFH PLFURJUDSK RI FHOOV QRW WUHDWHG ZLWK 13V VKRZHG WKDW LQ WKHVH FHOOV WKH
O\VRVRPDOFRPSDUWPHQWZDVPLQLPDOO\YLVLEOHZLWKWKHYHU\VPDOOGRWVRI\HOORZLQGLFDWLQJ
YHU\VPDOODFLGLFYHVLFOHV$IWHUFHOOVZHUHWUHDWHGZLWK13VLWZDVREVHUYHGWKDW13VZHUH
VHOHFWLYHO\WDNHQXSE\VRPHEUDLQFHOOVZLWKPRVW13VVRUWHGLQWRWKHO\VRVRPHFRPSDUWPHQW
DQG RQO\ D IHZ 13V UHPDLQLQJ ORFDOLVHG LQ WKH (&0 7KH ODUJH LQFUHDVH LQ VL]H RI WKH
O\VRVRPDO FRPSDUWPHQW DIWHU 13 DGPLQLVWUDWLRQ ZDV DOVR QRWHG &RPSDUHG ZLWK FRQWURO
VDPSOH LW FRXOG EH GHGXFHG WKDW 13 XSWDNH LQFUHDVHG WKH SURPLQHQFH RI WKH FRPSDUWPHQW
VL]HRIO\VRVRPHV7KHODUJHLQWUDFHOOXODU\HOORZIOXRUHVFHQWSDWFKHVPDWFKHGZLWKODUJHUHG
IOXRUHVFHQW SDWFKHV RI UHG UHSUHVHQWLQJ ODUJH DPRXQWV RI 13V ILOOLQJ WKH O\VRVRPHV 7KH
GLVWULEXWLRQ RI 13 XSWDNH ZDV KHWHURJHQHRXV LQ ERWK WKH VSKHURLGV DQG RUJDQRW\SLF VOLFHV
UHIOHFWLQJWKHPL[WXUHRIFHOOW\SHVSUHVHQWLQWKHVHFXOWXUHV,WLVLPSRUWDQWLQVWXGLHVWKDWZH
DUHVXUHWKDWWKHIOXRUHVFHQWODEHOUHPDLQVZLWKLQWKH13VVRWKDWZHDUHQRWVHHLQJOHDNDJH
EHWZHHQFHOOV7KLVKDVEHHQGHPRQVWUDWHGLQRWKHUZRUNE\XVZKLFKVKRZHGWKDW5%,7&LV
UHWDLQHGZLWKLQ3*$13VZLWKDUHODWLYHO\VORZUHOHDVHUDWH 
4XDQWLILFDWLRQRI13XSWDNHLVLPSRUWDQWIRUGUXJGHOLYHU\V\VWHPVWRDVFHUWDLQZKHWKHUWKHUH
LVDQ\VHOHFWLYHDGYDQWDJHEHWZHHQQRUPDODQGWXPRXUFHOOFXOWXUHV2XUVWXG\VKRZHGWKDW
LQWUDFHOOXODUIOXRUHVFHQFHLQWHQVLW\ZDVDERXWWLPHVKLJKHULQ'$2<VSKHURLGVWKDQPL[HG
QHRQDWDO EUDLQ VSKHURLGV ZKLOH LQ PRQROD\HU FXOWXUH PL[HG EUDLQ FHOOV WRRN XS  WLPHV DV
PDQ\ 13 DV WKH '$2< FHOOV )LJXUH  7KH UHDVRQV ZK\ -' FXOWXUH VKRXOG HQKDQFH
HQGRF\WRVLV E\ WXPRXU FHOOV EXW UHGXFH LW LQ QRUPDO FHOOV LV QRW LPPHGLDWHO\ REYLRXV
0HFKDQLFDOWHQVLRQJHQHUDWHGEHWZHHQ(&0DQGWKHF\WRVNHOHWRQSOD\VDQLPSRUWDQWUROHLQ
WKH UHJXODWLRQ RI FHOO JURZWK GLIIHUHQWLDWLRQ LRQ FKDQQHO DFWLYLW\ WUDQVPHPEUDQH UHFHSWRU
ORFDOLVDWLRQDWWKHSODVPDPHPEUDQHRIFHOOVDQGJHQHH[SUHVVLRQ,QFRQWUDVWWRD-
'VXEVWUDWHF\WRVNHOHWDORUJDQL]DWLRQLQVSKHURLGVKDVOHVVPHFKDQLFDOVWUHVV&ORVHO\SDFNHG
VSKHURLGV LQFUHDVH FHOO-FHOO LQWHUDFWLRQV DQG FRPPXQLFDWLRQ ZKLFK KDYH EHHQ IRXQG WR
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
 
 
 
LQIOXHQFH UHVSRQVH RI FHOOV WR GUXJV  0DQ\ VWXGLHV KDYH UHYHDOHG LQFUHDVHG VSHFLILF
DFWLYLWLHV RI YDULRXV O\VRVRPDO HQ]\PHV VXFK DV ȕ-JOXFXURQLGDVH ȕ-1-
DFHW\OJOXFRVDPLQLGDVHDQGDFLGSKRVSKDWDVHLQVROLGWXPRXUVWKDQLQWKHLUWLVVXHVRIRULJLQ
 3LQRF\WRVLV KDV SUHYLRXVO\ EHHQ VXJJHVWHG DV D PHFKDQLVP IRU VHOHFWLYH GHOLYHU\ WR
FDQFHUFHOOVEDVHGRQVWXGLHVRIXSWDNHRIODEHOOHGSURWHLQVLQWRWXPRXUV LQYLYRDOWKRXJKLQ
YLWUR FHOO FXOWXUH VWXGLHV GLG QRW VKRZ D FRQVLVWHQW LQFUHDVH LQ SLQRF\WRVLV UDWHV  DQG
UHIHUHQFHV ZLWKLQ ,Q RXU VWXGLHV -' FXOWXUH ZDV QHFHVVDU\ WR GHPRQVWUDWH DQ LQFUHDVHG
HQGRF\WRVLV LQWR WXPRXUV DV QRWHG LQ WKHVH HDUOLHU LQ YLYR VWXGLHV DQG PD\ H[SODLQ ZK\ D
VLPLODUUHVXOWZDVQRWVHHQLQHDUOLHULQYLWURVWXGLHVXVLQJ-'FXOWXUH$GLIIHUHQFHKDVEHHQ
UHSRUWHGLQWKHUDWHRIXSWDNHRIQDQRPLFHOOHVLQWR0'&.FHOOVFRPSDUHGWRYDULRXVWXPRXU
UHODWHG FHOO OLQHV  +HUH D ORZHU UDWH RI HQGRF\WRVLV LV VHHQ LQ WKH FRQIOXHQW 0'&. FHOOV
ZKLFK LV GHSHQGHQW RQ WKH IRUPDWLRQ RI SRODULVHG HSLWKHOLDO FHOO OD\HUV GXH WR ORVV RI WKH
FDYHRODHPHGLDWHGXSWDNHSDWKZD\7KLV LVSUREDEO\ MXVW UHODWHG WRHSLWKHOLDO IXQFWLRQ 
&HOOF\FOHSKDVHDOVRLQIOXHQFHVUDWHRIHQGRF\WRVLVLQ-'FHOOFXOWXUH+RZHYHULQWKLV
FDVH WKH GLIIHUHQFH EHWZHHQ WKH KLJKHVW DQG ORZHVW UDWHV RI XSWDNH LV UHSRUWHG WR EH RQO\
GRXEOHVRLVXQOLNHO\WRDFFRXQWIRUPRUHWKDQDIUDFWLRQRIWKHGLIIHUHQFHVHHQLQRXUVWXGLHV
6WXGLHV RQ PHFKDQLVPV RI FHOOXODU XSWDNH DQG ZKHWKHU WKHVH DUH GLIIHUHQW XQGHU GLIIHUHQW
FXOWXUHFRQGLWLRQVDQGLQGLIIHUHQWW\SHVRIFHOOVZLOOEHLQYHVWLJDWHGLQIXWXUHZRUN 
7RXQGHUVWDQGWKHSURSHUWLHVRIGUXJGHOLYHU\V\VWHPVLWLVDOVRLPSRUWDQWWRGHWHUPLQHKRZ
IDU 13V PD\ SHQHWUDWH LQWR WXPRXUV IRU WKHUDS\ ,Q YLWUR -' FHOO PRGHOV PD\ RIIHU DQ
RSSRUWXQLW\ WR VWXG\ VXFKSHQHWUDWLRQDQGKRZ LW YDULHVEHWZHHQGLIIHUHQW13 IRUPXODWLRQV
PRUH UHDGLO\ ,Q WKHSUHVHQWZRUNZHKDYH VWXGLHG WKHSHQHWUDWLRQRI13V LQWRRUJDQRW\SLF
VOLFHVDQGVSKHURLGVSURGXFHGE\WZRGLIIHUHQWPHWKRGV'LUHFWREVHUYDWLRQRIVSKHURLGVE\
FRQIRFDO IOXRUHVFHQFH PLFURVFRS\ )LJXUH  VKRZHG WKDW GLIIHUHQW PHWKRGV RI VSKHURLG
SUHSDUDWLRQ DIIHFWHG WKH SHQHWUDWLRQ RI 13V WKURXJK VSKHURLGV ZLWK WKH URWDWLRQ PHWKRG
SURGXFLQJ VSKHURLGV ZKLFK VKRZHG D OHVV HIIHFWLYH SHQHWUDWLRQ WKDQ VSRQWDQHRXVO\ IRUPHG
VSKHURLGV $OVRSHQHWUDWLRQ UDWHRI13V LQ VSKHURLGPRGHOVZDV IDVWHU WKDQ LQRUJDQRW\SLF
VOLFH FXOWXUH )LJXUH  :H VKRXOG QRWH WKDW LQ DGGLWLRQ WR WKH WLVVXH DQG (&0 KDYLQJ DQ
HIIHFW RQ WKH SHQHWUDWLRQ RI 13V WKHUH PD\ EH VRPH XQGHUHVWLPDWLRQ RI SHQHWUDWLRQ DW
LQFUHDVLQJ GHSWK VHFWLRQV GXH WR OLJKW DWWHQXDWLRQ GXULQJ FRQIRFDO PLFURVFRS\ 2QFH 13V
ZHUHLQFXEDWHGZLWKVSKHURLGVDQGVOLFHVSHQHWUDWLRQRI13VWKURXJK-'FHOOFXOWXUHPRGHOV
ZDVOLNHO\WREHOLPLWHGE\WKHVXUIDFHFKDUJHRI13VELQGLQJWRFHOOVXUIDFHVDQGWR(&0E\
(&0SURWHLQGHQVLW\DQGZLGWKRIFHOO-FHOOMXQFWLRQV The different preparation methods 
of two types of spheroids and organotypic brain slices might lead to different effects on the 
protein/polysaccharide concentration (35,36), viscosity of the medium (37) and size of the 
water channels in the interstitial spaces, width of intercellular gaps, the matrix charge and 
therefore ECM FRPSRVLWLRQ(&0UHSUHVHQWVDPDMRUEDUULHUWR drug delivery systems (38).
During tumour development, the presence of neutral collagen decreases and the content of 
negatively charged hyaluronan markedly increases (39). This can potentially influence the 
penetration rate of NPs via electrostatic repulsion forces. Therefore NP penetration rate and 
location within tumour will mainly depend on ECM composition, NP size, surface charge and 
surface coating (40,41). This is supported by a recent publication (42). 7KHUHVXOWVIURPHLWKHU
RI WKHVH VSKHURLG PRGHOV FRXOG EH XVHIXO LQ UHODWLYH VWXGLHV FRPSDULQJ SHQHWUDWLRQ RI
GLIIHUHQW13GHOLYHU\V\VWHPV+RZHYHUwe believe that the slower and lower penetration in 
the organotypic slices is much more representative of normal tissue in vivo.  
7KHVWHULF VWDELOLVDWLRQSURYLGHGE\SRO\VRUEDWHPD\ DOVRDIIHFW WKHSHQHWUDWLRQRI WKHVH
13V3RO\VRUEDWH LV DQRQ LRQLF VXUIDFWDQWZKLFKKDVERWKK\GURSKRELF DQGK\GURSKLOLF
PRLHWLHVLQLWVVWUXFWXUH7KHK\GURSKRELFSRUWLRQVELQGWRWKH13DQGSUHVHQWWKHK\GURSKLOLF
FRPSRQHQWV DW WKH VXUIDFH ZKLFK ZRXOG EH H[SHFWHG WR SURYLGH D ORZ OHYHO RI VWHULF
VWDELOLVDWLRQ 7KLV DOWHUV 13 VXUIDFH SURSHUWLHV VXFK DV VXUIDFH FKDUJH DQG VXUIDFH
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
 
 
 
K\GURSKRELFLW\K\GURSKLOLFLW\ 7KH VWHULF VWDELOLVDWLRQ RI 3(* FKDLQV DSSHDUV WR UHGXFH
SHQHWUDWLRQRIOLSRVRPHV+RZHYHUJRRGSHQHWUDWLRQWKURXJKVSKHURLGVZDVVHHQE\
RXU 13V  7KLV PD\ EH GXH WR WKH QDWXUH RI WKH VXUIDFH FRDWLQJ ZLWK VKRUW EUDQFKHG 3(*
FKDLQV RI SRO\VRUEDWH  $OVR JRRG SHQHWUDWLRQ RI VWHULFDOO\ VWDELOLVHG 13V LQ YLYR KDV
SUHYLRXVO\EHHQUHSRUWHGIRULQWUDGHUPDOO\DGPLQLVWHUHGVPDOO13VVWURQJO\VXJJHVWLQJ
WKDW SHQHWUDWLRQ RI VPDOO 13V ZLWK D VXUIDFH 3(* OD\HU WKURXJK WLVVXHV GRHV DOVR RFFXU LQ
YLYREXWWKDWSHQHWUDWLRQLVVL]HGHSHQGHQW 
7KH PL[HG QHRQDWDO EUDLQ VSKHURLGV DQG RUJDQRW\SLF EUDLQ VOLFHV XVHG LQ RXU VWXGLHV DOVR
UHYHDOHGIXUWKHULQIRUPDWLRQDERXWGLIIHUHQWLDOXSWDNHEHWZHHQFHOOW\SHV&RQIRFDOLPDJHVRI
FR-ORFDOLVDWLRQRI13V)LJXUHDQGFOHDUO\VXJJHVWHGWKDW13XSWDNHZDVGHSHQGHQWRQ
FHOOXODUW\SHZKLFKZDVVHHQLQERWKVSKHURLGVDQGRUJDQRW\SLFFXOWXUHV,WLVH[SHFWHGIURP
WKHOLWHUDWXUHRQ13ELRGLVWULEXWLRQWKDWWKHPDMRUFHOOW\SHVLQYROYHGLQXSWDNHRISDUWLFXODWH
PDWHULDOVZRXOGEHWKHFHOOVRIWKHPRQRQXFOHDUSKDJRF\WLFV\VWHPDQGWKHUHWLFXOHQGRWKHOLDO
V\VWHP  0DFURSKDJHV DOVR FRQVWLWXWH D ODUJH SHUFHQWDJH RI WKH FHOO SRSXODWLRQ LQ
WXPRXUV  :H WKHUHIRUH ZLVKHG WR DVFHUWDLQ ZKHWKHU PDFURSKDJHV ZHUH LQYROYHG LQ
XSWDNH RI RXU SRO\VRUEDWH  FRDWHG 3*$ 13V VWXGLHG LQ PRUH UHDOLVWLF RUJDQRW\SLF EUDLQ
VOLFH FXOWXUH PRGHO ,PPXQRKLVWRFKHPLVWU\ ZDV WKHUHIRUH XVHG WR LQYHVWLJDWH  ZKHWKHU
EUDLQ PDFURSKDJHV RU PLFURJOLD VWLOO H[LVW LQ FHUHEUDO FRUWH[ DIWHU ORQJ WHUP FXOWXUH 
ZKHWKHU 13V ZRXOG EH WDNHQ XS E\ WKHVH PDFURSKDJHV 6RPH EUDLQ PDFURSKDJHV DQG
PLFURJOLD ZHUH IRXQG LQ RXU VOLFH FXOWXUH PRGHO )LJXUH D DV H[SHFWHG EHFDXVH LW LV
UHSRUWHGWKDWEUDLQPDFURSKDJHVRQO\GLVDSSHDUFRPSOHWHO\DIWHUWKHWKLUGSRVWQDWDOZHHNDQG
PLFURJOLDH[KLELWDJUDGXDO LQFUHDVHLQQXPEHU &RPSDUHGWRVLJQLILFDQW13XSWDNHE\
VRPHRWKHUFHOOVRQO\DIHZ13VZHUHWDNHQXSE\PDFURSKDJHVRUPLFURJOLDLQRUJDQRW\SLF
EUDLQVOLFHFXOWXUH ,W LVQRWFOHDUZKHWKHUPDFURSKDJHVLQ WXPRXUWLVVXHZLOOKDYHWKHVDPH
VSHFLILFLW\ IRU SDUWLFOH XSWDNH 0DFURSKDJHV VKRZ VLJQLILFDQW SODVWLFLW\ GXULQJ GLIIHUHQW
SKDVHV RI WXPRXU GHYHORSPHQW LQLWLDOO\ SURPRWLQJ QHRSODVWLF WUDQVIRUPDWLRQ DQG WKHQ
VZLWFKLQJWRLPPXQRVXSSUHVVLRQDQGVXSSRUWLQJDQJLRJHQLVLVDQGPHWDVWDVLV7KHUHZDV
DOVR FOHDUO\ VRPH XSWDNH RI 13V E\ FHOO W\SHV RWKHU WKDQ PDFURSKDJHV LQGLFDWLQJ VRPH
VHOHFWLYLW\ DQGSHUKDSV LQGLFDWLQJ WKDW VWHULF VWDELOLVDWLRQRISDUWLFOHV LV QRW WKHRQO\ IDFWRU
DIIHFWLQJXSWDNH3RO\VRUEDWHFRDWHG13VKDYHEHHQUHSRUWHGWREHWUDQVSRUWHGDFURVVWKH
EORRGEUDLQEDUULHUGXHWRDGVRUSWLRQRIDVHUXPSURWHLQDSR(DQGDVLPLODUPHFKDQLVP
IRU VHOHFWLYLW\ LQWR GLIIHUHQW W\SHV RI FHOOV WKURXJK DGVRUSWLRQ RI VHUXP SURWHLQV FRXOG EH
RSHUDWLQJLQRXUFDVH 
2YHUDOO WKHVH XSWDNH VWXGLHV KDYH UHYHDOHG D QXPEHU RI LQWHUHVWLQJ ILQGLQJV :H KDYH
SURYLGHGJRRGHYLGHQFHWKDWGHWHUJHQWVWDELOLVHG3*$13VKDYHGLIIHUHQWLDOHQGRF\WLFXSWDNH
QRWRQO\EHWZHHQWXPRXUDQGQRUPDOFHOOVEXWDOVRLQWKHW\SHRIFXOWXUHPRGHOZKHWKHULQ
RUGLPHQVLRQV,WZDVDOVRQRWHGWKDWWKHUHDSSHDUHGWREHGLIIHUHQFHVRIHQGRF\WLFXSWDNH
EHWZHHQ GLIIHUHQW W\SHV RI QRUPDO QHRQDWDO EUDLQ FHOOV DOWKRXJK ZH GLG QRW LGHQWLI\ WKH
GLIIHUHQWW\SHV:HPD\DOVRVSHFXODWHWKDWXSWDNHLVDOVROLNHO\WREHGHSHQGHQWRQWKHQDWXUH
RI WKH VXUIDFH RI 13V DQG PD\ WKHUHIRUH GLIIHU EHWZHHQ IRUPXODWLRQV ,Q DGGLWLRQ WKH
DSSDUHQW SUHIHUHQWLDO 13 SHQHWUDWLRQ LQWR WXPRXU VSKHURLGV LQ FRPSDULVRQ WR QRUPDO WLVVXH
VSKHURLGV PD\ EH UHIOHFWLYH RI GLIIHUHQFHV LQ WKH UHVSHFWLYH -' PLFURHQYLURQPHQWV 7KLV
PD\ QRWEH LQGLFDWLYHRI WKH WLVVXHV LQ YLYR EXW DW OHDVW LQ FRQWUROOHG ODERUDWRU\ FRQGLWLRQV
WKHUHDSSHDUVWREHDUHDOGLIIHUHQFHEHWZHHQWKHWZRW\SHVRIPRGHO,WLVDOVRFOHDUWKDW-'
PRGHOVDUHRIOLPLWHGUHOHYDQFHIRULQYLWURVWXGLHVRIGUXJGHOLYHU\IXQFWLRQDQGWKDWIXUWKHU
GHYHORSPHQWDQGXQGHUVWDQGLQJRI-'FXOWXUHPRGHOVPD\SURYHKHOSIXO LQXQGHUVWDQGLQJ
LQWHUDFWLRQV EHWZHHQ WLVVXHV DQG GUXJ GHOLYHU\ V\VWHPV )XUWKHU VWXGLHV ZLOO EH UHTXLUHG WR
GHILQH DQ LQ YLWUR -' PRGHO ZKLFK LV ERWK FRQYHQLHQW WR XVH DQG HYDOXDWHV SRWHQWLDO IRU
PHDVXULQJ13HQGRF\WRVLVDQGSHQHWUDWLRQUHOHYDQWWRWKHLQYLYRVLWXDWLRQ 
 
1DQRSDUWLFOH8SWDNH,QWR%UDLQ&XOWXUH0RGHOV 
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$FNQRZOHGJPHQWV 
7KLV SDSHU LV GHGLFDWHG WR WKH PHPRU\ RI 'U 7 / 3DUNHU IRU DOO VXSSRUW DQG VXSHUYLVLRQ
GXULQJ WKH ZKROH ZRUN 7KH SRO\JO\FHURO-DGLSDWH SRO\PHUV XVHG LQ WKLV SURMHFW ZHUH
JHQHUDWHG WKURXJK D %%65& IXQGHG FROODERUDWLYH SURMHFW *UDQW QXPEHU ( LQ D
FROODERUDWLRQEHWZHHQ8QLYHUVLW\RI1RWWLQJKDPDQG/LYHUSRRO-RKQ0RRUHV8QLYHUVLW\:H
ZRXOGOLNHWRWKDQN'U6+LJJLQVDQG'U*+XWFKHRQIRUWKHV\QWKHVLVDQGSURYLVLRQRIWKHVH
SRO\PHUV:HZRXOGOLNHWRWKDQN'U3.DOOLQWHULIRUWHFKQLFDODVLVWDQFHDQGDGYLFHLQ3*$
13 SUHSDUDWLRQ 7KH &KLOGUHQ¶V %UDLQ 7XPRXU 5HVHDUFK 7UXVW LQ 1RWWLQJKDP SURYLGHG
IXQGLQJIRUFRQVXPDEOHVDQGLQVWUXPHQWDWLRQ 
'HFODUDWLRQRIFRQIOLFWLQJLQWHUHVWV 
1RQHGHFODUHG 
)XQGLQJ 
7KLVUHVHDUFKUHFHLYHGQRVSHFLILFJUDQWIURPDQ\IXQGLQJDJHQF\LQWKHSXEOLFFRPPHUFLDORU
QRWIRUSURILWVHFWRUV 
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